Electrostatic repulsion, compensatory mutations, and long-range non-additive effects at the dimerization interface of the HIV capsid protein.
In previous studies, thermodynamic dissection of the dimerization interface in CA-C, the C-terminal domain of the capsid protein of human immunodeficiency virus type 1, revealed that individual mutation to alanine of Ser178, Glu180, Glu187 or Gln192 led to significant increases in dimerization affinity. Four related aspects derived from this observation have been now addressed, and the results can be summarized as follows: (i) thermodynamic analyses indicate the presence of an intersubunit electrostatic repulsion between both Glu180 residues. (ii) The mutation Glu180 to Ala was detected in nearly all type 2 human immunodeficiency virus variants, and in several simian immunodeficiency viruses analyzed. However, this mutation was strictly co-variant with mutations Ser178Asp in a neighboring residue, and Glu187Gln. Thermodynamic analysis of multiple mutants showed that Ser178Asp compensated, alone or together with Glu187Gln, the increase in affinity caused by the mutation Glu180Ala, and restored a lower dimerization affinity. (iii) The increase in the affinity constant caused by the multiple mutation to Ala of Ser178, Glu180, Glu187 and Gln192 was more than one order of magnitude lower than predicted if additivity were present, despite the fact that the 178/180 pair and the two other residues were located more than 10A apart. (iv) Mutations in CA-C that caused non-additive increases in dimerization affinity also caused a non-additive increase in the capacity of the isolated CA-C domain to inhibit the assembly of capsid-like HIV-1 particles in kinetic assays. In summary, the study of a protein-protein interface involved in the building of a viral capsid has revealed unusual features, including intersubunit electrostatic repulsions, co-variant, compensatory mutations that may evolutionarily preserve a low association constant, and long-range, large magnitude non-additive effects on association.